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AN 13QWSTI(Xl!IONAT HIGHSUBSONIC

SPEEDSOFTHEEFFECTSOF HORIZONTAL-TULHEIGECONTHE

AERODYNAMICANDIX.MDINGC~TICS ~ smsm or?
A 45°SWEPRWX, um’r~ TAILASSEMELYAs

I!RCMFORCETESTSANDINTEGRATED

VERTICAL-TAILSPANIQADINGS

ByI&lethG.WileyandWilliamC.Moseley,Jr.

An InvestigationwaamadeintheIangleyhigh-speed7-by 10-foot
tunneloftheeffectsathighsubsonicspeedsofhorizontal-tailheight
ontheaerodynamicandloadingcharacteristicsinsideslipofa 45°swept-
back,untaperedtailassembly.Aspectratiosoftheverticalandhori-
zontalsurfaceswere2.0and4.0,respectively.Configurationsinvesti-
gatedwerethefuselagealoneandthefuselageplusverticaltailalone
andwitha horizontal.tailmountedat O, ~, and1~ percentvertical-- “’
tailspan.Resultsweredeteminedexperiment-allyby forceandmoment
testsonthecompletetailassemblagesandbypressuresurveysofthe
loadingsontheverticaltail.

Resultsindicatedthatthevariationsofthelateral-forceand
rolling-mmentcoefficientswithsideslipatanglesofattackof0°
aud4°werelinearat sideslipangleslessthanabout8°-foralltail
configurations,witha pronounceddecreaseinthevariationsofthetwo ,
characteristicsat thehighersideslipangles.Thevalueoflateral-.
forcecoefficientobtainedat a sideslipangleof4°at ansingleof “
attackof0°wasincreasedby theend-plateeffectofthehorizontal
tailwhenmountedattheextremeendsoftheverticaltail.Rolling-
mcmmt coefficientfortheccmpletetailassenibl.iesincreasedwith
increaseofhorizontal-tailheightatan angleofattackof0°. The
variationsof latefal-forcecoefficientandrolling-mmentcoefficient
withsideslipangle,expressedas S1OPWLImeasuredIEara Sid-ISS~PWle
of 0° ssdeterminedfromforcetests,integratedvertical-taillosdings,
sndcalculatedloadingsonthetailassemblieswereinfairagreement
andgenerallyincreasedwithMachntier.
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high-speedairplanedesigns
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INTRODUCTION

Lateral-std3ilityconsiderationsfor
haveresultedinhorizontal-taillocationsforvariousairplanesranging
froma petitonorbelowthefuselagecenterlinetolocationsatthe
tipoftheverticaltail.TheNationalAdvisoryCcmnnitteeforAeronatiics
hasundertakenan investigationathighsubsonicspeedsto dete* the
loadsona 45°sweptback,untaperedverticaltailin side$lipasaffected
by theverticallocationofa 45°sweptback,untaperedhorizontaltail.
Pressuredistributionsontheverticaltailforthreehorizontal-tail
locationsarepresentedin refererices1 and2.

Inordertoextendthescopeoftheinvestigationsandtoeffectcom-
parisonswiththeresultsofthepressuretestsandofexistingtheoreti-
calmethods,thepresentinvestigationoftheeffectofhorizontal-tail
heightontheaerodynamicforcesandmomentsofthe45°sweptback,untap-
eredtailassemblywasmade. Testsweremadewiththefuselagealoneand
withthefuselageandverticaltail’aloneandwiththehorizontaltail
mountedatO, 50,and100~ercentvertical-tailspan.Aspectratiosof
theverticalandhorizontaltailwere2.0and4.0,respectively,=d an
NACA65AO1Oairfoil,measuredperpendiculartotheleadingedge,wasused *
forbothsurfaces.

TestsweremadeintheLangleyhigh-speed7-by 10-foottunnelat
anglesofattackof0°and4°througha nominalsideslip-anglerange
of -2°to 23°wherepossibleandovera Machnumberrangeof0.60to0.95.
Reynoldsnumberforthetests,basedonthemeanaerodynamicchordofthe

verticaltail,variedfromabout1.9X 106to 2.4x 106.

Resultsofthetestsarecomparedwiththeresultsofthepressure
studiesofreferences1 and2 andwiththetheory

COEFFICIENTSANDSYMEQLS

Thedatapresentedhereinarein the formof

ofreferences3 and4.

standardNACAcoeffi-
cientsofforcessndmomentsbasedonvertical-tailgeometryandreferred
tothebodysystemofaxeswiththeorigincoinci~ withtheinter-
sectionofthefuselagecenterlineandtheqyarterchordofthevertical-
tsilmeanaerodynamicchord(fig.1).

9e=—==-—---’’”--- —-’-
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Coefficientsandsymbolsusedaredefinedasfollows:

no~-force coefficient,NormalforceNqs

longitudinal-forcecoefficient,LongitudinalforceX@ ‘

pitching-mmentcoefficient,PitchingmomentaboutO.~E
q%

rolling-momentcoefficient,
RollinLzmment aboutfusel~ centerline

yawing-moment

lateral-force

QmJ

Coefficient,Yawingmomentabout0.25~qsr

LateralforceYcoefficient,

sectionnormal-forcecoefficientof
bypressuretestsofreferences1

=Cz-c
‘(w

qs

vertical tailas detemined
sad2

P
P~ - P.

localpressurecoefficient,
~

v free-stretiairvelocity,fps

P massdensityofair,slugs/cuft

q free-streamdynsmicpressure,pV72,lb/sqft

M Machnumber

R Reynoldsnumber
verticaltail

basedonmeanaerodynamicchordof

-— . ——. —-.-—-. __ _ ..— —.— —..— —_.-. .. - _ ——..



—_.— ———. .—— - —.

NACARM L55E04

.

localstaticpressure,lb/sqft

free-streamstaticpressure,lb/sqft

areaofverticaltailtofuselagecenterline,sqft

vertical-tailspanfromfuselagecenterlinetotailtip,ft

exposedlocalspansegmentofverticaltail,ft

distancefromfuselageto centerof b‘,ft

localchordofvertical.-tail,ft

meanaerodynamicchordofverticaltail,ft

longitudinaldistance,ft

heightabovefuselagecenterline,in.

horizontal-tailheightabovefuselagecenterline,ft

ratioof

- angle.of

angleof

(all
a

horizontal-tail

attack,deg

Sideslip,deg

slopestakenat

height tovertical-tailspan

a = 0° through
Mnekrrangenear p = 0°) -

Stiscripts:

h horizontaltail

v verticaltail

MODELSANDAPPARATUS

Sketchesanddimensionsofthemodelsusedinthisinvestigationare “
presentidinfigure2, photographofoneofthemodels

.
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mountedinthewindtunnelispresentedasfigure3. (Themodelsused
arethesameas thoseusedinthepressure-surveytestsofrefs.land 2.)
Thetailsurfaceswerefabricatedofweldedsteelcoreswithglasscloth
andtransparentplasticfinishcontours.Theverticalandhorizontal
tailshadNACA65AO1Oairfoilsnormalto theleadingedge,wereof
untaperedplanformwith45°sweepback,andhadaspectratiosof2.0and
4.0,respectively.Thetailsurfacesweremountedona cylindrical.body
fabricatedof sheetalmimunwithan ogival-shapednosepiece(figs.2
and3).

Configurationstestedincludedthefuselagealone,fuselagepluE
vertical.tail,andfuselageplusverticaltailwiththehorizontaltail
mountedatO, 50,and100percentvertical-lxdlsparewiththequarter
chordsoftheverticalandhorizontalsurfacescoincidentat theinter-
sectionofthetwosurfaces.Thetailassemblieswiththehorizontal
taillocatedatO.’jbvand1.Obv,respectively,weremountedonthefuse-
lage1 vertical-tailchordaheadofthelocationfortheverticaltail
withhorizontaltailat ~ inordertomaintainaerot@amicpitching
momentswithinthedesignloadlimitsofthetunnelbalancesystem
(fig.2).

Thetailassembliesweremountedona six-ccmqonentelectrical
strain-gagebalanceattachedtothestingsupportsystemoftheLangley
high-speed7-by 10-foottunnelwiththeverticalsurfacesmountedin
the

and

horizontalplane(fig.3).

Thetestswere
Remoldsnuniber

TESTSAND

madethrougha
forthetests,

CORRECTIONS

Machnuniberrangeof0.60to0.95
basedonthemeanaerodynamicchord

oftheverticaltail,variedwithMachnmnberfrom1.9x 106to2.4x 106
(fig.4). Thetailmodelsweretestedatanglesofattackof0°and4°
throughanangle-of-sidesliprangeofabout-2°to23°.

BlockagecorrectionstoMachnumberwerecomputedby themethodof
reference5. Longitudinal-forcedataarepresentedasabsolutevalues
withnobase-pressureadjustmentsappliedtoaccountforttidifference
inpressureatthebaseofthemodelsandthatofstaticfreestream.
Jet-be_ corrections,becauseofthelowratioofthespansofver-
ticalandhorizontaltailstothedimensionsofthewindtunnel-test
section,werenegligibleandthereforewerenotapplied.

Fortheforceteststheanglesofattackandsideslip
fordeflectionofthebalancesystemunderload..Fordata

~

werecorrected
obtainedfrom

-—-. .. —e— —.z-. .
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thepressure-surveytestsofreferences1 and2, deflectionof thesup-
portsystemwassmallandno correctionswereap@.ied(refs.1 and2).

No correctionswereappliedtothedataofthispapertoaccount
forthedistortionoftheverticalandhorizontalsurfaceswhileun&sr
aerodynamicload.Thedistortionoftheverticalsurfaceunderload,
however,wasdeterminedby statictests,andby thetheoreticalmethods
ofreference6 forthepressure-surveytestsreportedinreferences1
and2. Appliedstaticloadsrepresentativeofaerodynamicloadsobtained
inthewind-tunneltestsathighanglesofsideslipresultedina rwdmum
changein localangleof sideslipofthevertical.tailofabout0.9°
(refs.1 and2). Distortionscalculatedby themethodofreference6
forthesamel&dingconditionsweed reasonably
thestatictests(refs.1 and2).

KEOUCTIONOFFRESSUREDATA

withtheresultsof

Integratedvaluesoflateral-forcecoefficient~ androlling-
momentcoefficientC~ weredeterminedby a n~rical sumationof
sectionnormal-forcecoefficientCn overtheexposedvertical.tail
(refs.1 and2)andarebased
tothefuselagecenterline.
counterp&rtsofvertical-tail
mment coefficientwhichwere
presentedinrefs.1 and2.)

onvertical-tailareaandspanextending
(ThecoefficientsCy and Cl are
normal-forcecoefficientandroot-bending-
basedonexposedvertical-tailareaand
ForcomputingCy ~d Cl,valuesof

wereassumedtobe effectiveovera spanse~nt b‘,witha moment
arm Z,whichextendedfromthefuselagecenterlinetothecentroid
thesyansegment(fig.5) suchthat

Cy =E(%p’f+ “ “ “ + C%b‘6C);
\

and

x( )1Cz= “lzlc+“ “ “Cnl + c%b‘6Z6C—
b#

%

of

.

.



NACARM L55E@

PRESENTATIONOFRESULTS

Tabulatedvalueso#’thecoefficientsofforcesand

+Y ~) CZJ Cn) and Cyjas obtainedinthepresent

7

IQ-ntsj CN,
investigation,

arepresentedintablesI to ~. Forconvenientreference,representa-
tivepressuredistributionsandspanloadingsobtainedonthevertical
tailintheinvestigationsofreferences1 and2 areincludedinthe
presentpaper.Theresultsillustratedareasfollows:

Figure

Comparisonsofthechordwisepressuredistributionsat
station0.2C0~oftheverticaltailforfuselage—
vertical-tailcombinationwithandwithoutthehori-
zontaltailat ~. a = OO;M = 0.60and0.%.

Comparisonsofthechordwisepressuredistributionsat
station0.450bvoftheverticaltailforfuselage—
vertical-tailconibinationwithandwithoutthehori-
zontaltailat 0.5bv.a = OO;M = 0.60and0.%.

Comparisonsofthechordwisepressuredistributionsat
station0.931~oftheverticaltailforfuselage—
vertical-tailcombinationwithandwithoutthehori-
zontaltailat l.obv.a = OO;M = 0.60and0.%.

Thevariationof ~ overthespanoftheverticaltail
forfuselage-vertical-tailcombinationwithandwith-
outthehorizontaltailat Obv,0.5bv,andl.Obv.
a =OO; M= 0.60and0.95. 9

Theva2iationof Cy
a= 0° and4°.

Thevariationof CyP

Thevariationof M’y

a=OO and ~.40

Thevariationof Cl
a = 0°smd4°.

6

7

8

with ~ at variousMachnumbers.
10andU.

with M. a= 0°. u!
.

withhorizontal-tailheightat

and12°. 13

with ~ at variousMachnumbers.
14and15

.. ..— . . ___ . __ ___ ..—_—-.— -. .—— ———.— .—. .. . — — —— .
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Thevariationof 2CZ withhorizontal-tailheightat
a= 0°and P = 4°and120.

Thevariationof Cz with M. a = 00.
P

Horseshoe-vortexrepresentationofmodelwithfuselage
plusverticaltailwithhorizontaltaillocated
l.Obv.(~ applicationofthetheory,adjacent
trailingvorticesareconsideredcoincident.)

Typicalcalculatedloaddistributiononthetail
asseniblywithhorizontaltailatObv,O.5bvand
l.Obv.

Comparisonsofthevariationsof

berasobtainedby forcetests,
theory.a = OO.

Comparisonsofthevariationsof
berasobtainedby forcetests,
theory.a = 0°.

—.-—
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Figure

16

17

at-

18

Cv withMachnm-
‘P
pressuretests,and

CzP withMachnmn-

pressuretests,and

19

20

a

RESULTSANDDISCUSSION

Lateral-forcecoefficient.-Thevariationof Cy with p at a = 0°
and40 asobtainedby forcetestsandintegratedvertical-tailspanloads
iniilcatessimilarandgenerallylineartrendsat lowsidesl.ipsinglesfor
alltailconfigurations(figs.10andU.). A lowerrateofincreaseof
Cy with p occurredforsllconfigurationsbeginningat sideslipangles
of‘about8°to 16°andcontinuingto thehighestanglesinvestigated.
Thereducedvariationof Cy with p apparentlyresultedfromthe
decreasedloadingsnesrthetipoftheverticaltail. (Seespanloadings
at M = 0.60and0.95 infig.9 andthechordsd.sepressuredistributions
ontheverticaltailat sideslip@es aboveabout8°to16°inrefs.1
and2.)

ForalltailconfigurationsCy
B

as obtainedby thetwoexperimental

testmethodsgetirallyincreasedneg&ivelywithincreaseinMachnumber
(fig.M). Fora horizontal-tailpositionof1.Obv,valuesof Cy were

!3

.

.

.

*

,



!Q NACARM L55E04 coy 9

.

somewhatgreaterthanfortheverticaltailandfuselagealone(fig.12)
becauseoftheend-plateeffectofthehorizontaltailaspredictedby
references2 tok. Thisincreasedloadingontheverticaltailcaused
by thehighhorizontaltailisapparentinfigures8 and9 forthelow
sideslipanglesatwhich Cy ismeasured.Onlyslightchsngesof Cy “

P P
wereobtainedfora horizont~-taillocationofO.>v (fig.12)aspre-
dictedby references2 to4. Forthehorizontaltailinthelowposition
(h/bv=0), theincreasein CYB duetoend-plateeffectwassomewhat

lessthanforthehighhorizon%ltail(fig.U) becauseofthepredomi-
nantend-plateeffectontheloadingsontheverticaltailoftherather
largefuselagewbichwasalwayspresentforthesetests(ref.7)and
whicheffectivelymaskedanyfurtherincreaseinloadingduetothe
presenceofthelowhorizontaltail(figs.6 and9).

Thevariationsof ACy withhorizontal-tailheightat a = Oo and
a lowsideslipangleof4° (fig.13)are,ofcourse,directreflections
ofthevariationsof Cy forthevarioustailassemblies(fig.12)and

P
thereforeshowtheend-plateeffectsofthehorizontal.tailat lowangles
of Sideslip.At a sideslipangleof U 0,however,forthehighhorizontal-
-bail
rent
tail

tion

posit~on,theend-pla-tie~fectsofthehorizontaltailtienotappa-
(fig.13)becauseofflowseparationnearthetipofthevertical
(fig.g). . -

Rolling-momentcoefficient.-Foralltailconfigurationsthevaria-
Of Cz with f3as obtainedbythetwotestmethodswas”linearup

to sidesl.ipanglesof8° to 12°foranglesofattackof0° and4°
(figs.14smd 15). Above P = 8° to12°,thevariationof CZ with ~
generallydecreasedforall.tailconfigurations,thedecreasereflecting
thecombinedeffectsontheverticalandhorizontaltailsofthereduction
invariationofkteral-forcecoefficientatthesesideslipangles
(figs.10and11)andtheinboardshiftofthecenterofloadonthever-
ticaltailduetotipseparationontheverticaltail(fig.9 andrefs.1
and2). Thetotalrollingmomentsin sideslipactinguponthecomplete
modelconfigurationsof thepresentinvestigationresultfrmnthelateral
forceontheverticaltailandfromtheloadsinducedonthehorizontal
tailby theloadscarriedbytheverticaltailandfuselage.Sincevalues
ofrolling-momentcoefficientc~ obtainedfrcmtheintegratedvertical.-
tailspanloadingsaccountonlyforthelateralloadsontheverticaltail
andsincevaluesof Cz obtainedfromforcetestsincludeallrolling
momentsactingonthetailassaibly,thedifferencesinvalueof Cl at
constantvaluesof ~ asobtainedby thetwotestmethodsareanindica-
tionofthemomentsduetotheloadingonthe%orizontaltail.As shown
infigures14(a)and16,therefore,fora horizontal-taillocationofObv,

. — . — —. — y—..- —
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theinducedloadingonthehorizontaltailcontributeda rolllngmoment
oppositein signtothatoftheverticaltail,resultingina total
rollingmomentforthetailassetilyasmuchas~ percentlessthanthat
contrilnrb?dby theverticaltail,a conditionalsoshowninreferences3
and4. Forhorizon&l-taillocationsofO.>V and1.Obv,theloadingon
thehorizontaltailwassuchasto imparta rollingmomentofthesame
signasthatoftheverticaltail(refs.3 and4),resultingin a value
of L&z forthehim-tailconfigurationthatwasabout20percentmore
thanthatcontributedby theverticaltail(fig.16). Itisapparent
thereforethattherollingmomentcontributedby theinducedloadingon
thehorizontaltailcanbe ofparticularimportancewhenconsidering
bendingmomentattherootoftheverticalMl.

Thevariationsof Cz withMachnumberat a = 0° asobtainedfrom
19

integratedvertical-tails&n loads(fig.17)showa generalnegative
increaseof Cl withldachnuniberforalltailconfigurations.End-

P
plateeffectsofthehorizontaltailatO% andl.Obvincreasedthe
valuesof c~

P
obtblnedoverthoseobtainedforthevertical-tail-

fuselage-aloneconfigurationandthepresenceofthehorizontaltailat
O.’jbvdecreasedthevalueof Cz

$
obtained(fig.17). Forvaluesof

c~
$

obtainedfromtheforcetestsofthepresentinvestigation,the

effectsoftheinducedloadingsonthehorizontitail(refs.3 and4)
axe

the

the

the

again.apparentinthelowernegativevaluesof c~ obtainedfor
P

modelwithhorizontal.tailat Obvandthehighervalueexhibitedfor
modelwithhorizmitaltailat 1.O~.

Itispertinenttopointoutthechangesinthe‘contributionsto
totalrollingmment ofthevariouscomponentsofthetailassemblies

asthesideslip&gle wasincreased.The&creasedloadingontheverti-
caltaildm toinfluenceofthehorizontaltail(figs.12and13and
refs.3 and4) issubstantiatedby thevaluesof Cz obtainedfromthe

B
vertical-tailspanloadingsofreferences1 and2 (fig.17)andby
valuesof Ml conlmibutidby theverticaltailatthelowSideslip
angleof4° (fig.16). At anangleof sidesl.ipof1.2°,however,the
presenceofthehorizontaltailatthetipofthevertical.taildidnot
increasetheloadingontheverticaltailbecauseofflowseparationat
thetip(figs.9 and13)andresulted,therefore,inno increaseinthe
valueof NZ (fig.16). similarly,therelativecontributionto ACz
ofthecompletetailassemblywhichwasduetotheloadinducedonthe
horizontaltailby theloadontheverticaltailwassomewhatlessata
sideslipangleof12°thanwasapparentatthelowsideslipangleof4°.

.

.-
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Careshouldbe exercisedthereforeto
eter Cz

P
issmexpressionoftherolling

considerthattheparam-
mmentsobtainednear j3

andisnotnecessarilyindicativeofthemmentscontribu@dby the
assemblyatthehighersideslipangles.

l-l

= 00
tail

comparisonofexper~ntalandtheoreticalresults.-Calculations
to determinethetheoreticalloadingsonthefourtailconfigurations
investigatedexperimentallyinthispaperandinreferences1 and2 were
performedby usinga finite-stepmethodofreplacingthetailasseniblyby
a finitenumberofhorseshoevortices(refs.3 and4 andfig.18). In
thepresentinvestigationequal-spanvorticeswereusedtorepresentall
surfaces,sixforthevertical.tailextendingfromthefusela.gecenter
linetothevertical-tailtipandfiveforeachpanelofthehorizontal
tail(fig.18). Ihaddition,onevortexwasappliedto accountforfuse-
lagedepthandtwotorepresentfuselagewidthasaneffectiveendplate
(ref.4 andfig.18). Loadingswerecomputedforconfigurationswith
thefuselageandverticaltailaloneandwiththehorizonlxdtaillocated
atO, 50,and100percentvertical-tailspanandMachnumbereffectswere
approxhatedby the~andtl-Glauerttransformation(ref.8). Allloadings
werecomputedin sides~pwith u = O0 to correspondto experimentaltest
conditions,andtypicalloadingscomputedareillustratedinfigure19.
Integratedresultsofthespanloadings,expressedas Cy and Cz , were

B B
determinedfortheexposedareaoftheverticalsurfacealoneandforthe
completetailassemblyinordertoparallelthee~erimentalresults
obtainedfromintegratedvertical-tailspanloadsandfromforcetests,
respectively.Presentedinfigure20 arethevariationsof cy~ with
Machnumberas obtainedfromtheforcetestsofthepresenttivestigation,
fromthevertical-tailspanloadsofreferences1 aud2, andfromcalcu-
latedloadings.Forvaluesof Cy basedontheloadsontheexposed

B
axeaofthevertical.tail,thecomputedvaluesof Cy

B
wereinreason-

ablygoodagreementatallMachnumberswiththoseobtainedfromthe
pressuretestsofreferences1 and2 (fig.20)andgenerallyoverestimated
theexperimentalresults.Forvaluesof CYB forthecompletetail

asseniblies(fig.20),thecmputedvaluesun&eresthatedthee~rimental
valuesprobablybecauseofthes@lified representationofthefuselage
(ref.4).

tal

are

the

Thevariationof Cl withMachnumberas obtainedfromexperimen-
P

forceandpressuretestsandfromtheoreticalcalculatedloadings
presentedinfigure21. Forvaluesof CZ contributedby loadson

P
verticaltail,thecalculatedvaluesslightlyoverestimatedthe

experhentalvalues.Thecomputedvaluesof CZ whichillChlikthe
$

aerodynamiccontributionsofthecmpletetailassemblywereinfair

-~

—. . . .—— - —— .-— — -—.—. .—
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agreementforthelowandintermediatehorizontal-tailheightsbutcon-
.

siderablyoverestktedtheeqerhnentalvaluesforthehighhorizontal-
tailposition(fig.21).

CONCLUSIONS

Froman investigationathighstisonicspeedsoftheeffectsof
horizontal-tailhei t ontheaerodynamicandloadingcharacteristics

Pinsideslipofa 45 sweptback,untaperedtailassemblyasobtained
fromforcetestsandfromintegratedexperimental.spanloadingsonthe
verticaltail,thefollowingconclusionscanbemade:

1.Thevariationof l+eral-forcecoefficient~ sndrolling-

momentcoefficientCZ withsideslipangle @ wasgenerallylinearat
sides~pangleslessthanabout8°foralltailconfigurationsatall
Machxnmbersinvestigated,witha pronounceddecreaseinthevariation
of Cy and C2 with ~ atthehighersideslipangles.

2.Lateral-forcecoefficientobtainedatsideslipanglesof4°.was
increasedby theend-plateeffeetofthehorizonhltailwhenmountedat ‘1
theextremeendsoftheverticaltail.

3.At constantsideslipangles,rolling-momentcoefficientforthe
completetailassembliesincreasedwithincreaseinhorizontal-tail
heightatanangleofattackof0°.

4.Lateral-force-coefficientandrolling-mcnuent-coefficientvaria-
tionwithsideslipCy and CZB,respectively,generallyincreased

B
withMachnumberfor&l tailc&figurationsinvestigated.

5.valuesof Cyp computedforthevarioustailasseniblieswerein

fairagreementwithexperhentalresultsexceptforunderestimationof
themagnitudeoffuselageeffects.CcmputedtiUeS of Cl

B
generally

overestimatedtheexperimentalresults.

LangleyAeronauticalLaboratory,
NationalAdvisoryCamuitteeforAeronautics,

~ey Field,Va.,April21,1955.
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e0873-

●1349-

a1837-

●2185-

c2040-

●2242-

,2472-

NACARML55E04

f% w
●“01-45●123o

●0024- aollo-

●0230- 01452-

*0456- e2834-

,0669- s4297-

90853- 95955-

91266- 09173-

●1719-101125-

*2471- 1o2694-

.2885-103525-

●0102 e1282

●oo70- eOl58-

●0277- a1538-

●0487- 92969-

.0692- ●4598-

,0869- e6267-

.1280- 09225-

●1818-lc0498-

,2476-le1844-

e2932-la3386-

00109 01269

00068- *o157-

●0272- 91696-

e0485- 03169-

●0695- a4786-

●0799- e6586-

●1307- e9290-

●1832-100275-

.2467-1o1871-

.2945-le348l-
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M

●900

0900

0900

●900

b900

*900

9900

9900

*900

*900

a950

*950

*950“

9950

e950

*950

.950

●950

a950

EABLEIv.—Ammm4Mm cHARAclmImm80Fl!HEm~;

Fu80AGBPImv-mm3.LTAILPLu8HoFtIzomum

ATo.*Ja .cP-cOncllaed

% 9,
l+qft deg
713.63 2006-

713.63 001

713*63 2010

713*63 4018

713e63 6.27

713e63 8,36

713,6312.51

713.6315059

713.6320,73

713e6323.85

752.17 2007-

752.17 *O1

752.17 2010

752.17 4.19

752o17 6.27

752.17 8*37

752.1712.52

752.1715,62

752.1720.81

a,
aeg
000
boo
bol-

*02-

*03-

●o2-

*04

eo2-

o13-

c18-

.o1-

.02-

●o3-

●03-

●03-

oo2-

001

●03-

●15-

%’-%
a0092- ,0384

oo119- 60396

tol39- 00380

80179- S0314

●0262- 00251

*0539- ,0245

011813-,0403

c1653- ●0435

s2183- ●0473

e2527- 00419

00117-

t0138-

00203-

D0293-

a0386-

*0711-

.1368-

,1816-

●2479-

-60397

●0413

90223
/
●0351

,0278

.0266

,0426

90477

●0571

%

9o053-

00048-

●0060-

00089-

aO032-

80217

*1020

bo539

a0323-

a0716-

●oo55-

.0087-

aolo4-

oo1o3-

boo44-

00177

e0699

●0490

●0296-

-

cl

90499

aoo22

c0441-

#0909-

*1403-

01943-

C2131-

●2043-

●2265-

02555-

s0512

00017

a0446-

ao907-

●1418-

61999-

●2076-

●1993-

●2506-

% %

Q0116 ● 1277

boo53- e0272-

●0268- 01812-

00474- ●3370-

●0674- S5020-

00768- a6897-

*1305- a9461-

●1826-la036l-

●2475- la2Q38-

●2965- lC3880-

00110 a1366

00046- so188-

●0211- 01662-

0042& ,3225-

90593- ●4919-

00691- ●6842-

c1267- ●9258-

.1797-100236-

.2451-ls3082-

— . .— —.——- ._ —— _ .— .— ——— — — —.—-——— —-— -
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-v. -AmmmAmc C8ARAcrE8Emc9aQTE81m Asam81y;

~=~mILmmmm?m!AL TAII!

N

.600

.600

s600

m600

.600

●600

●600

.600

a600

●600

.800.

●800

●800

.800

●800

s800

●800

●800

●800

.800

●850

,850

●850

.850

●850

●850

●850

●850

8850

●850

B,lb/g* deg
421.46 2003-

421,46 ●01

421,46 2.05

421,46 4.09

421s46 6.14

421,46 8,19

421.4612.30

421,4615.36

421,4620.46

421.4623.53

626.11 2a05-

626,11 ●O1

626,11 2.08

626,11 4014

626,11 6,21

626,11 8,28

626,1112,44

626,1115053

626,1120,66

626.1123.75

671,72 2006-

671.72 *O1

671,72 2.08

671,72 4.15

671,72 6.24

671.72 8.32

671,7212.47

671,7215,57

671,7220,71

671,7223,81

&
4*17

4.17

4917

4616

4.17

4*17

4.20

4.21

4,20

4.17

4.26

4,26

4.27

4.26

4s26

4.27

4.30

4.31

4,26

4.23

4,29

4*29

4,28

4,28

4.29

4.27

4*33

4.32

4.28

4.22

m
*3490

s3487

e3482

●3434

●3429

e3215

e2653

.2254

●1819

02032

●3789

e38o3

●3805

*3773

83575

●3466

●2970

a2455

e1922

e1438

93917

●3978

●3924

93882

●3788

.3561

●2969

s2518

s1748

●1119

-m
.0357

.0361

80348

●0286

.0253

.0202

.0234

.0234

●0246

s0302

.0309

00311

.0295

●0241

.0200

.0174

,0243

.0307

●0318

.0301

●0303

●0309

.0285

.0237

.0199

.0183

●0272

.0337

●0341

●O31O

%
01403

●1428

●1457

s1461

91583

●1692

82406

.2703

02685

82227

#1410

01430

●1462

c1482

*1570

●1718

.2337

●2599

●2288

e2142

01402

●1434

e1422

●1460

.1569

●1563

.2359

.2507

82363

●2011

cl

ao454

90004

80417-

e0853-

o1346-

01760-

,2797-

●2953-

D2987-

a3124-

90473

*oo14-

90433-

e0890-

01380-

01881-

a2561-

,2636-

●2728-

e2956-

0048g

90016

s0428-

e0877-

●1419-

e2034-

e2577-

e2602-

02750-

03023-

NACARML55E04

%*
.0177 b6703

●0006 *0489-

.o182- 01788-

●0394- c3122-

d0588- 84735-

*0718- 06148-

●0918- l*0337-

01330-102040-

02268-1,4525-

a2745-le5886-

●0114 90933

m0038- ,0476-

●0217- *1810-

●0407- 03221-

●o579- e4789-

a0708- ,6560-

.1004-ltO052-

.1465-101711-

●2280-la3542-

●2669- lc5l78-

*oi20 90-927

e0036- ●0461-

.0198- 81837-

●0384- 03250-

●0564- e5001-

.0609- e6994-

●0944- l*o171-

●1445-101613-

.2253-103736-

●2656- 105415-

—
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~mvEmo2AITAnPLu8EmRmTAL TKu4

Al’O.cbv;a=“4’3-Concluiea

M PIJ&qrt *g
0900 714034 2o06-

●900 714.34 ●O1

8900 714034 2.09

●900 714034.4.16

.900 714*34 6.26

.900 714034 8.33

●900 714,3412.49

●900 714*3415*59

.900 714.3420.76

.900 714,3423,88

b950

*950

●951J

.950

8950

●950

●950

*950

b950

752,67 2e06-

752,67 ●O1

752.67 2.10

752,67 4e17

752,67 6.27

752,67 8.35

752a6712,52

752.6715.62

752,6720.81

aj
*g
4.32

4031

4*31

4031

4.30

4.32

4.35

4.35

4031

4.26

4.33

4,32

4.32

4031

4031

4*31

4.36

4935

4031

‘%
e4135

●4222

●4182

●4105

●3884

●3581

●2792

●2353

a1478

00891

●4214

04238

●4209

●4208

●3889

83438

●2673

●2197.

s1392

-m
90298

e0308

.0300

●0247

.0198

$0223

t0323

*0390

●0390

00381

.0337

.0354

,0334

.0307

,0253

●0260

●0413

s0446

●0473

h
●1400

b1418

s1431

01452

●1531

01818

02431

●2605

02566

,2366

81309

●1299

01325

●1340

t1452

●1693

02415

02517

*2394

.

c1

●o494

00004

e0448-

●0903-

01460-

02114-

●26l7-

●259+

●2788-

93v71-

●0500

*oool-

,0478-

●o939-

*1515-

c2103-

e2660-

S2602-

e2998-

Cn”~

.0117 e0923

●oo35- 00536-

.0192- a2008-

e0362- 03421-

●0525- *5195-

00502- ,7228-

●O847- 1,0257-

*i365-ls1504-

●2157- 104062-

●2b43- 105891-

.0127 ●0964

●0008- e0518-

●0l69- ●2007-

●0344- ●3453-

s0458- 85304-

90477- 07168-

90757-loo313-

.1299-101504-

●2059- lc4505-

--.—-—— . . .——...——__ —.—— - . . . —
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M

●600

●600

●600

0600

9600

●600

●600

s600

9600

●600

9800

e800

●800

,800

9800

●800

.800

●800

0800

●800

TABIEvI.—MmImMIc cmIfAm8Fmlw8oFTHEwlILAEsRmJ

m8EllmEPLu8vERITcALTAILPLrJ8mRImImLmIL

ATO.%; .Z.CP

P,I& ft &g
420.20 2,06-

420920 boo

420020 2.07

420.20 4014

420a20 6,20

420s20 8.28

420s2012.44

420.2015.53

420.2020.63

42082023.70

624.24 2.10-

624s24 ●oo

624.24 2s11

624.24 4*21

624o24 6,33

624*24 8.44

624,2412e64

624.2415*76

624*2420.94

624.2424.05

.850 669,72 2*lo-

,850 669,72 sol-

9850 669672 2,12

s850 669.72 4.24

6850 669,72 6,36

●850 669.72 8,50

,850 669*7212.70

%deg
●ol

●00

●OO

boo

●O1

.01

sol

●OO

bo7-

ol4-

●00

●OO

Soo

900

601

●O2

●O1

●03-

013-

●23-

●ol-

●ol-

●ol-

●ol-

●oo

●01

900

% +

sOl60- bo493

00184- ●O493

●o188- .0488

●0249- .0432

.0461- 90374

●0697- s0336

●l427- ●0322

●2035- ●0316

●3396- 00536

04519- ●O5O1

.o153- ●0451

●O127- s0463

●o154- 90453

.0284- S0393

●0483- ●0345

●0766- SO31O

●1582- 90348

●2393- 00403

.4018- 90546

●5273- eo4e9

●o155- 90458

●o131- 90469

sO163- 00457

●03l2- ●0412

●0502- ●0347

●0796- ●0320

.l_817-●03?6

%

●0230

●0211

●0301

●0466

.0865

●1342

.2329

●2986

e3781

04161

●O163

.0120

●0201

,0448

00844

●1346

e2410

●3195

●4179

94807

●o131

●0097

9o170

●o431

s0820

91375

●2633

cl

,0556

*0053

●0481-

00978-

*1517-

02099-

●3114-

●373l-

●3763-

●4025-

,0586

●0055

●o505-

● 1o35-

01632-

●2206-

●3140-

03451-

.3533-

● 3951-

NACARML55E04

% Q
a0l06- 01216

90254 90174

a0378- e1288-

.0629- ●2675-

.0914- ●4123-

●llo7- ●5839-

●l293- 09225-

,1428-1.1428-

,1792-1o3359-

●1971-la4736-

●0208 b1409

●oloo- ●O123

90395- 01331-

●0659- ●2763-

oo915- 94471-

●1082- ●6220-

el262- e9334-

●1374- 191049-

●1791-1o3517-

e2195-le4847-

●0607 .0173 ●1442

●0082 .0126- 90166

●0522-.e0422- ●1387-

●1o54- ●0696- e2649-

.1658- ●0918- e4589-

02298- cllol- ●6435-

e3l56- ●1293- 99481-

.

,
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!cmmvI.—AmmE4lmmwammm8 oF!rEETAnA&3mTim;

m3EM!3EmJ8vERImALTAILPLmHomm TAn

ATO.~; a. P- Cmcludeil

H

0900

●900

●900

b900

.900

●900

●900

P?I&ft*g
711097 2.11-

711.97 901

:&
bol-

%

*o147-

.o138-

●ol80-

-m
bo459

90475

*0467

60417

.0362

e,0322

e0425

%

●0103

90086

00162

●0432

●0875

*1495

02831

c1

●0596

s0061

90507-

*1o75-

e1718-

02386-

03177-

%

●0170-

●o141-

●0394-

a0684-

●0967-

.1106-

01260-

‘%
01386

00111●ol-

711*97 2912 9i369-*02-

711.97 4,26 aol- .0336- v2934-

711.97 6.39 ●ol- .0591- *4678-

711.97 8,54 ●ol- ●o994- 06568-

711.9712*75 ●o2- 02058- ●9593-

.
9950 750.42 2,12-

●950 750e42 900

●950 750e42 2014

●950 750.42 4,27

.950 750,42 6041

.950 750942 8,59

.950 750s4212*81

●02- c0233- 60510 00101

902- e0225- ●0505 ●0088

902- e0273- c0488 ●0213

*03- 90447- #0440 90490

●o2- ●o705- e0376 e0929

902- s1222- 80357 01682

.03- ●2l85- ●0133 e2959

●0621 ●0143 ●1505

●0082 00129- ●0168

e0488- e0406- 01337-

e1o74- ●0694- 02913-

● 1724- 90959- ●4656-

●2508- ●1082- a6872-

*3131- ●l365- ●9628-

..—-..— ———...... . . . . -—— ..— — . .—— _ _ —— . .— .—.
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M

●600

●600

●600

9600

●600

●600

●600

●600

●600

s600

●800

●800

●800

geoo

●800

●800

●800

●800

NACAFML55E04

ATo.%;a.4°

$,lb/Yqft &g
419,92 2a05-

419s92 ●oo

419,92 2.08

419.92 4.14

419.92 6,22

419.92 ee29

419.9212,45

419*9215*55

419,9220,63

41’3.9223,69

623,82 2016-

623,82 ●01

623.82 2,12

623.82 4.22

623.82 6.33

623e82 8844

623s8212.66

623.8215e78

&
4917

4.16

4*17

4.17

4*17

4*17

4s16.

4*14

4*O7

4.09

4.26

4.26

4.26

4.26

4.26

4.26

4e24

4,18

%
●2979

93013

●3031

●2987

.2847

.2625

●1748

.1172

.0391

.1038

s3255

.3329

.3301

●3195

●3042

.2776

●1767

●1013

-% % c1 %%

00379 91435- ●O513 90330 ●0775

90378 ●1454- 80015 90062 90447-

●0365 ●1402- ●o470- 9o147- ●1822-

s0312 ●1258- ●o990- ●0319- ●3353-

●0231 ●o974- ●1524- ●0520- e4858-

00218 . ●0580- 02086- ●0654- a6477-

$0153

●0117

90417

.0501

00336

●0339

00326

e0275

.0215

●0163

80131

.0213

●0474 b3353- .0790-le0249-

●0924 ●4027- ●0996- le2438-

●0681 ●4l46- ●1444-le4084-

●0039 ●4304- e1877-1048Q2-

.

●1675-

*1743-

01667-

●1482-

●l179-

*0771-

●0348

●0848

.0521

wO018

00529-

c1023-

a1623-

●22l0-

●3349-

●3737-

●1340 ●0976

●0066 ●o430-

.o119- ●1994-

00324- b3383-

●0495- ●5123-

●0593- S6878-

●0733- lbo317-

90949-102013-

9850 665.48 2.09- 4.29 .3423 00290 ●1827- a0524 ,0320 80805

●850 665,48 902 4.28 .3447 ●0289 ●1841- cooo8- S0117 ●o660-

●850 665.48 2,13 4a28 .3431 .0271 ●1766- ●0548- 9o068- e2253-

9s50 665948 4,25 4,28 ●3289 00216 ●1542- ●1083- .0254- 93754-

●850 665,48 6.37 4.28 .3079 80159 .1219- ● 1650- ●0420- ●5430-

●850 665.48 8,49 4,28 62785 90111 ●0778- 92293- ●0552- ●72l0-

●850 665,4812,72 4,25 ●1759 *0120 ●o375 b3357- s0663-le0697-

— —— .. .-
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.

M

0900

9900

.300

●900

●900

●900

0900

%
lb/aql%
707970

TABLEm. —AEmmmMIc cHmA(3Emmms cmmEmlLA&m41m;

FosEMm Pux3vEKmAL!J!AnPIJmEmRmmL mIc4

ATO.~;a=4° -Concluded

707.70

707*70

707870

707.70

707970

707970

k
2009-

003

2015

4,27

6.40

8*53

12,76

%
deg
4*31

4,30

4.30

4031

4.30

4*3O

4,27

%

03562

03582

.3552

*3485

.3223

02810

●1728

-w
00301

00311

●0290

●0246

90184

00131

00154

%

●1970-

●1995-

Q1912-

●1744-

.1364-

●0835-

s0364

cl

a0538

00012

●0542-

slloo-

S1718-

82369-

●3352-

%*

,0291 e0831

●0113 a0657-

.oo90- ,2185-

e0279- c3811-

90439- 05532-

bo499- ●7402-

.0622- lo0545-

.950 745.92 2.09- 4.32 .3607 90345 ●2098- *0513 ●0280 90788

,950 745*92 ●O3 4.31 ●3617 90362 e2088- 90011 .0109 ●0671- ,

0950 745.92 2.15 4.31 *3567 *0359 a1986- ●0527- ●oo82- ●2207-

●950 745w92 4.29 4.32 93444 00331 ●1773- *1o97- ●0266- ●3838-

.950 745.92 6.42 4,32 ●3214 e0263 ●1426- 91707- 00412- *5560-

●950 745.92 8,57 4931 ●2717 e0203 ●o7f30-02408- 00478- ei’542-

●950 745,9210.70 4830 w2284 e0209 ●0242- ●2983- bo501- ●9285-

~’

.———..—
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Figure l.- System of axes used. Po61tlve forces, marks, sngles, snd
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a

Verticol tail ~

Area 075 Sq ft
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Aspect ratio 8?.0

Alrtbil sectton Dormol to
Ieaa%g ed~ 65AOI0

Sweep 45”
Horizontal tail

Area Imsqft
Span 2(320 ft
chord o.5ooft
Aspect ratio 40
Airfoil section normal to

Ieadlng edge 65A 010
Smep 45°

Figure 2.- Phy81Cal characteristics of mdel. All dimensions in feet
unleaB otherwise noted.
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fui/ at O.O&.

(b) Fuse/age p/us verticaf fail
with horizonfol fail at

/’ // // ---

(
(c) Fuselage plus verticwlfail

with horfzonfal fail at
/.00 bfi

Figure5.-Sketchshowing“weightingfactors”usedforspanwiseintegration
ofvertical-tailloadto determineCy and Cz.

. .- —



NACARML55E04 37

P

P

P

P

P

P

-4

-2

0

-4

-2

0
-4

-2

0
-4

-2

0
-4

-2

0
-4

-2

Ao Left surfuce--A-
A Right surface

M 40
I I

,

8°

16°

m
o 100

J/C,percent

on.
“%

,

0 /00
$&Percenf

(a) M = 0.60.

Figure6.-Comparisonsofthechordwisepressuredistributionsat
-stationO.2-~~ oftheverticaltailforfuselage-vertical-tail
combinationwithandwithoutthehorizontaltailat @. m = 0°.

.

.

—. ..— —. _.. ——



—

38 NACARML53E04

f O Left Surfoce j
~ A Right surfuce --&-

.

/2°

(b) M = O.~.

o /00
x&YPercent

Figure6.-Comluded.

—



.

NACARM L55E04

-4

-2
P

P

P

P

P

P

o

-4

-2

0

-4

-2

0

-4

-2

0

-4

-2

0
-4

-2

Ao
A

Left surhce

Right surface+

1

1==1

I
000 on

~ AA_
n

o /00
Xk, percent

(a)

I

R

o /00
X~, pemenf

M = 0.60.

40”

8°

/ 6’”

39

.

Figure7.-Comparisonsofthechordwisepressuredistribtiionsat
stationO.45~ oftheverticaltailforfuselage-vertical.-tail
combinationwithandwithoutthehorizomkltailat O.50~. a = 0°..

~-

—-—..—-—-.——— —— .——...———



-.

40

P

P

P

P

P

-/

o

/
-2

-/

o

/
-2

-/

o

/
-2

-/

o

/
-2

-/

o

/

(!o Left
A Right

surfoce !
surfuce b

1 I

r I

E‘%VO Q
--000

00
~AA AA AA

i

NACARML55E04

I I
I

E.....“o~oo

L

AA @
A

I

o /00permnf o /00
+=, percent

(b)

Figure

M = o.~.

/49=0”

40

8°

/2°

16”

.

.- . ..- .-

—— . ..— —



A0 Left surface

A Rights urfuceT

Q NACARM L55E04 41

. .4

/9=0”
fJ6aot3&!

-2
P

o
I I

-4

4°p -2

0

-4

P ‘2 8°

o
I I

-4 I 1

/2”P -2

0
t 1.

-4

16°P -2

0
-4

P -2 I 20°
o

o 100
WC,percenf

M= 0.60.
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Figure9.- Thevariationof Cn overthespanoftheverticaltailfor
fuse~e—vertical-tailcombinationswithandwithoutthehorizontal
tailat ~, 0.5~,andl.0~. a = OO; M = 0.60 andO.%.

“’s~

————— —— .— —-— --— .—. — —— -——--— -



I

I
I

#

o

-4

-B

-/2

-M

(4
(Wiihwthcwkmtal tatf)

A
f W.W hufnwfal ,Wt & Ob.)

o

0

0

0

,k?,k?g

(a) Fuselage plus vertical tail with and without horizontal tall at ~.

Figure 10.- The variation of C!y with ~ at various Mach numbers. u = OO.

.



r

I

4

0

-?4

+

-,8

-!2

-1.6

-+i T
I%?M/nulzotnW till at 05bv) (With blmtil till at 1J2hJ

M

m

.80

.85

.90

95

.
-404 8 12 16 (?0 W

H,deg
-4 0 4 8 12 16 20 W

p,&g

(b) Fuselage pluB vertical tail with horizontal tail at O.% and 1.Obv.

Figure 10.- Continued. &-

I

. .

I

I



\

4-6

.4

0

-4

Cy
-.8

-L2

-/.6

o

0

0

0

—.— .- —. —— —————–. –

6QE2Z!!2Z!-“ NACARML55E04

o

(Fuselogealone) .

M

,60

.80

.85

30

-4

-.8

-/2

-/.6
-4 04 8 /2 “ /6 20 24

p,deg

(c)Fuselagealone.
.

Figure10.- Concluded.

—— ——_. -—



,

I

A
f Without lmlzmtil toll)

4

0

-!4

Cy

-.8

42

46

0

0

0

0

-9

-.8

.12

1.6

-A-
(Wlth Lurlxontil till at Q04v)

M

o Jso

❑ .80

0.85

.
-4 0 g 8 & 16 ~ ~ -4 0 ~ 8 12 16 ~ ~~

,&,deg ,2,deg

(a) FuseLage plus vertical tail with ad without horizontal tail at q.

Figure lJ..- The vaxia+ion of ~ with p at various Mach numbers. a = 4°.

I

I

t
1

I



I

I

1.“
+- T

(With hfiZ~iC7t hi at 0.5 b,) (Wfth horlzontul A7il d LO h)
a

o

-4

Cy

-.8

-/2

-1.6

,8, deg

M

a?

m

.65

,9.5

4 04 8 12 16 20 Z&
,B, deg

(b) Fuselage plus .yerticaltail with horizontal tail at O.% and l.%.

Figure Il.- Concluded.

I

B
P-’
3!

t

,



.

NACAIU#L55E04

•1 --A-
0 +-
A T

-./0 1 I I

.5

Figure3.2.-The

.6 ‘.7
M

.8 .9

variationof Cy with M. a = OO.
P

49

.—. —.. ———.—.—— . ——



___ —-

50

ACY

ACy

●
NACARM L55E04

o

-4

-.8
–-(f--~~ssu~ fes js

o

~ Force tats a
u
A
b

M
0.60
0.80
0.85
0.90
0.95

-.2 0 .2 !4 .6 .8

Figure13.- Thevariationof A% withhorizontal-tailheightat a = 0°
and~= 4°and12°.

●

.

.

— ——.———— -—-



\

I

I

f

o
M

o .60

4

-2

-.3

-4

0 .80

A .96

h -85

-4 0 4 8 12 16 ,92 24 -4 0 4 & /2 /6 zo 24

,2, &g
P**

(a) Fuselage plus vertical tail with and without horizontal tail at ~.

Figure 14. - The variation of Cz with ~ at various Mach numbers. a = OO.

-1



I

.1

-J o

c,

-&O

-3 0

-9 0

-J

w?

-.3

-4

-+- 3-
(Wlth horlmntut tall at CMb,) ( Wtth hwxontif toll at l.Oh,)

I -404

(b) Fuselage

o

❑

o

A

L

w

8 121620 H-4, 048j~j6~ 24
P,* @,&g E

z
pluE vertical tail with horizontal.tail at 0.5~ and l.Obv. ~

Figure 14.- Concluded. !



I

A -J-

(Wlthwt Amlzontit taio fwlfh hrkwffl I’VRat Oh)

J

o

-J

G

-2

-3

4

-40481216 ~@#

B,*

M

~a

❑ J90

o ,6s

A90

h 95

404 8 1216 EU2W
#’*w

(a) Fuselage plus vertical tail witliand without horizontal tail at

Figure 15.- !ThevsrlatIonof cz with 13 at various Mach numbers.

~

“!

.1

VI
V4



!
I

J

o

,1

-u?

-.3

-4

-i-

(With hvrizmtit till at OSh)

T
(IYfth ~tot tiil atl.Ob.)

“:4 o 4 8 12 16 .?0 24 -4 u 4 u l.? 16 ~ 24 K

B,& ,8,deg %/

(b) Fuaehge plus vertical tail with horizontal tall at O.~v and l.~.
Z!
~

Figure 15.- Concluded. ?!



NACARML55E04 55

0

-,2

0

-. /

-2

-.3

-!4
7

Figure16.

2

- The

o

variation

.2 4 .6 .8

+&v

withhorizontal-tailheightat.
=4° and1.2°.

a= 0°

-— .... . . — ——— — . —— .—. .— —. —— -. —



— —.—— —— .— —.- ..-—— ..— — ..—

56 I?ACAFML55E04

702

-.03‘

(FfOmpressure tests)
-.04

702

-.CU

.04

-.05

-L
o -+

(Fromforcetests)

.5 .6

Figure17.- The

.7 .8 .9
M

variationof Cl with M. a =
P

0°.

/.0

.

.

—



NACARML55E04 57

%4

/& 16/“,
——
(
L

. - /~—.. ——— ——— —.—

\ lx. \

.’%%==-

v
[

/

/

(
\ —

(J 7. — —— .— .— —. —

Figure18.- Horseshoe-vortexrepresentationofmodelwithfuselageplus
‘verticaltailwithhorizontaltaillocatedat l.Obv.(Inapplication
ofthetheory,adjacenttrailingvorticesareconsideredcoincident.)

Q@- _~

—. —— — —.



58

— —

I I
llll!lll’””~-

II I

NACARML55E04

.

Fusehge plus vertical i’ffi!
with horizontal toil of ObV.

Fke/oge plus verticffl toil
with horizontol toil ot o.s~v.

Fuse/..geplus verticol toil
with horizontal tiil of [Obv.

Figure19.- Typicalcalculatedloaddistributioninsideslipontail
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Figure 20.- Ccmparieonfiof the vaxiations of CYP with M as obtained

from force t eet e, integrated pressure tests, and calculated theor~ic~
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Figure 21.- CmparfsonB of the variations of CL with M as
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